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© Hydraulically entangled PTFE/glas* fitter felt 

© A non-woven felt suitable for use as a filter comprised of 
poly(tetrafluoroethylene) and glass fibers hydraulically en- 
tangled to a supporting scrim and a process for making said 
felt are disclosed. The scrim is made from high temperature 
and chemically resistant materials. 
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TITLE 

Hydraulically Entangled PTFE/Glass Filter Felt 



DESCRIPTION 
Technical Field 
This invention relates to a non-woven felt 
suitable foe use as a filter comprising poly{tetra- 
f luoroethylene) (PTFE) fibers blended with glass 
fibers and affixed to a scrim by hydraulic 
entanglement. More particularly, it relates to a 
product made from short, uniformly distributed fibers 
hydraulically entangled to scrim fabrics made from 
high temperature and chemically resistant materials. 

Background 
Felts are non-woven, unbonded fibrous 
structures deriving coherence and strength from 
interfiber entanglement and their accompanying 
frictional forces and represent the oldest form of 
textile fabric. Felting of man-made textile fibers by 
utilization of a textile card and needling board is a 
relatively recent invention. In order to achieve the 
required cohesion of the final product when using PTFE 
fibers, long fiber lengths have to be used because of 
these fibers 4 low friction characteristics* On the 
other hand, alternate methods for the uniform 
dispersal of fibers, such as paper machines, are known 
to yield extremely uniform, lightweight products 
comprised of fibrous material, but only from short 
fibers which are not amenable to attachment to a 
support scrim by mechanical needling in order to 
achieve a coherent structure with adequate strength 
characteristics because of insufficient interlacing. 

To produce commercially attractive products 
for use in filtration, uniformity and adequate 
mechanical stability are required. 
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Summary of th Invention 
A Celt having a basis weight of 150-600 

2 

g/m suitable for use as a filter comprising a 
uniformly dispersed sheet-like structure containing 
> 40-95 percent by weight poly(tetraf luoroethylene) 

fibers having a linear density per filament of 3-8 
decitex (dtex) and 5-60 percent by weight glass fibers 
having a linear density per filament of 0.2*1.5 dtex, 
hydraulically entangled into a supporting scrim has 
0 been discovered. The felt of this invention is a 

lightweight uniform structure capable of high 
filtration efficiencies and is resistant to hot 
corrosive atmospheres. The felt is made by first 
making a uniformly dispersed sheet-like structure from 
5 short fibers and affixing it to a scrim to afford 

stability and strength without blocking the flow of 
gases by the supporting scrim. The sheet-like 
structure should be a web or a water leaf. The scrim 
is affixed by hydraulic entanglement and this permits 

:o the use of support fabrics such as glass and wire 

scrims which are generally not amenable to mechanical 
needling, but contribute useful characteristics such 
ac thermal stability, strength or post-f ormabllity. 
The scrim should be comprised of materials having a 

> r , low shrinkage of less than 5\ up to 200°C and should 

be substantially stable to acids and alkali. Examples 
cl possible scrim materials would be: polyimides, 
poly (tetraf luoroethylene) . glass, stainless steel, and 
pclyphenylene sulfide. After hydraulic entangling the 
30 sheet-like material to the scrim* the felt can be 

heatset on a tenter frame depending on the scrim 
material. For poly(tetraf luoroethylene) the felt 
could be heatset for at least two minutes at 
230°~325°C. 
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Description of the Drawing 
Fig. 1 is a schematic r presentation of the 
felt of this invention, rig, 1 shows a non-woven 
poly ( tetraf luoroethylene) and glass blend 
waterleaf (10) hydraulically entangled to a woven 
glass scrim (12). 

Test Methods 
Taber Abrasion (ASTM-D-1175) 
A 12.7 x 12.7 cm. sample is mounted on a flat 
surface. Two grinding wheels (si2e CS-10 medium 
abrasion and hardness) under a load of 2S0 g. are 
rotated on the sample until the surface fibers are 
worn off and the scrim show6 through clearly over 1/2 
of the total abraded surface. The number of cycles to 
reach the above condition is reported. For purposes 
of comparison of samples, the number of cycles per 
sample is divided by the basis weight of the 
sheet-like structure (web or waterleaf) being abraded. 

Air Permeability (ASTM-D-737-75) 
The porosity of the felt is determined by the 
Standard Method of Test for Air Permeability of 
Textile Fabrics, also known as the Frazier Air 
Porosity Test. 

Air porosity or air permeability is the rate 
of air flow through a material under a differential 
pressure between the two fabric surfaces. Air 
permeability is expressed in cubic feet of air per 
minute per square foot of fabric at a stated pressure 
differential between the two surfaces of the v f'abric. 
Measurements reported herein are made at a 

differential water gauge pressure of 0.5 inches (1.27 

3 2 
cm) and converted to m. /min./m . 
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Basis Weight 

Basis weight is determin d by weighing a 

2 

known area of fabric and is expressed in oz/yd i 
2 

g/m . 

5 

Thickness 

Thickness is measured with a spring-loaded 
thickness gauge at a pressure of 1.06 kpa. 

10 Filtration Efficiency 

To determine efficiency for particle 
arrestance, the gravimetric method is used. In this 
test, known amounts of test dust are fed incrementally 
at a controlled rate using compressed air regulated 

15 through a pressure valve and solenoid switch. 

Efficiency is determined by placing a pre-weighted 
"absolute" filter (pore size equals 0.6 microns) 
downstream of the test specimen. The weight gained by 
the "absolute" filter constitutes the amount of dust 

20 passing through the test specimen. The test uses a 

scaled-down wind tunnel and is carried out as follows: 
Filtration efficiency is carried out on 6 in 
x 8 in (15.2 x 20.3 cm) test samples at 1.2-3.1 m/min. 
air velocity by adding a standard fly ash dust to the 

25 air and collecting and weighting the amount of fly ash 
passing through the test sample. 

The standard fly ash dust consists of a well 
characterized fly ash collected by Philadelphia 
Electric Co. from the burning of low sulfur West 

30 Virginia coal at Eddystone, PA, The particle size 
distribution is: 
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Size Range (Microns) P rcent by Weight 



0-6.2 10 

5 6.3-9.4 IS 

9.5-17.5 25 

17.6-33.5 25 

33.6*54.0 15 

54.0 10 



The general procedure follows: 

1. The samples are installed in the tester 

and air at a controlled velocity of 0.4 m./min.. 
containing fly ash dust, is passed through the sample 
for a break-in period of 16-24 hours with 0.8 m./min. 

15 air applied in the reverse direction for cleaning. A 
standard cycle consists of 12 minute filtration, 45 
seconds at rest; 1.5 min. reverse air cleaning flow, 
and 45 seconds rest. The cycle is then repeated. As 
the testing air flow velocity is increased, the 

20 cleaning air velocity is also increased to match 

velocities. Air temperature is about 32°C. 

2. The fly ash dust content of the air is 
maintained in the range of 4.5-6.9 g. /actual cubic 
meter of air. The amount of fly ash dust leaking 

25 through the test sample is collected and weighed at 

air velocities of 1.18 and 1.82 m./min. in separate 

six hour experiments. Leakage is expressed as 

grains/ft 3 of actual air or grams/m 3 of actual 

air. Reproducibility of the method was found to be 

30 about + bOX of the obtained values. Particulate 

3 

leakage levels below about 35 mg./m are considered 
acceptable for industrial installations. 
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Tape Pull Test 
The tape pull t 6t is used to determine the 
tightness with which the staple fibers are attached to 
the wov n glass scrim. A plec of the fabci to be 
tested is cut to a 12.7 x IS. 2 cm (5 x 6 in.) and 5 
strips of transparent tape, adhesive on one side only 
(Scotch** brand 810 "Magic Transparent Tape 11 made by 
3M Co.) 1.9 cm wide and 15.2 cm long (3/4 x 6 in.) are 
placed on the sample with the adhesive toward the 
sample. The ends of the tape ace turned over so they 
can easily be pulled up. The sample, with the tapes 
attached, is then pressed between platens at 1100 kPa 
(160 psi) and held under pressure for a few seconds. 
It is then cut into 2.54 cm (1 in.) long strips 
parallel to the direction of the tape. The tapes are 
pulled off at a uniform rate and cut into 12.7 cm (5 
in.) lengths at 1.9 cm (3/4 in.) width and weighed 
accurately. Several pieces of unused tape are also 
cut into 12.7 cm (5 in.) lengths and weighed as 
controls. After subtracting the control weight from 
the test weight, the amount of fiber pulled off is 
determined. The amount of fiber picked up under these 
conditions is compared to the basis weight of the web 
used in the assembling the product and % fiber pullout 
calculated . 

t Glass x Density Product 

The product of \ total glass (%G) in the 

filter felt and the density (D) of the filter felt in 
3 

g/cro , 

%G X D, 



is designated as 
a measure of the 
the filter felt. 



the X Glass x Density Product. It is 
densif ication of the glass fibers in 
Because the glass fibers are stiffer 
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and more elastic than PTFE fibers, they do not pack a6 
veil as the PTFE fibers. Hydraulically n edled 
fabrics are compressed by the water Jets to a dense 
product, which has higher abrasion resistance than the 
less dense products made from the same materials by 
mechanical needling. The % Glass x Density Product 
for felts of the invention has a value of at least 14. 
which is a higher value than is obtained with the 
prior art mechanically needled felts made from the 
same materials. The \ Glass X Density Product 
determination is only made where the scrim is a glass 
scr im. 

Sample Preparations 
Samples are prepared by the following general 
procedures : 

1. Web Preparation 

A blend of 7.4 dtex (decitex) (6.7 dpf) 
poly( tetraf luoroethylene) and 0.33 dtex (0.3 dpf) -E- 
type glass continuous filament yarns is cut (using a 
Lummus Cutter, manufactured by Lummus Industries. 
Inc.. Columbus. GA) to the desired length. An 
antistatic spray (NOPCO LV 40. sold by Diamond 
Shamrock) is applied as a SX solution in water. The 
blend of fibers is then fed into a staple air lay 
web-forming maching ( "Rando-Webber M . manufactured by 
the Rando Machine Corp.. The Commons - TR. Macedon. 
NY) operating at 80\ relative humidity. Two passes 
through the web-forming machine are required to open 
the fiber blend sufficiently for good processing. 
After this pre-opening. a third pass is made through 
the equipment. The operating conditions for the 
web-processing machine are: 
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*a 2 7 m/min. (3 yds./mln.) 
apron speed -2.7 ^ ^ g (fc 

{ ed toll speed - 2 to *. 

° 2,) labrlC .ma 0 0.7 » 3 /*in. (2.0 
air Clow reading - o-" 3 

UcKerin speed - 1*00-2000 r P * 

a^moer opening - * ul1 

rtav/o« n ...«.»« - -"7;, wla , 

*ji 4 «- io2 cm (40 in. j waw* 
The web which is produced is 102 tate lB 

10 i6 collected on Kraft paper the P 

10 abo ut 1«* (70lbs/hr.). 

2 . giajljcriffi available product 

; c a commercially avai a «•"••■ r 
The «r V » 1 oe .i,n.ted .. • 

(.«. w Bunion rutch „.a. it 

„ style l«o liter,!." «»» >• * ^ „ „, denier) W 

22 y»» <" 8 co>ted witB «.« «t » 

tluo rocarbon ««» I oI the scrlB 

20 reduce yarn abrasion. Tne 

is 109 ,/» 2 <*- 2 "TJ- 'I, .„ tVD , a M at«l.af of 

rTTriTes a laboratory sheet 

Th e ^ i ^ nt ;°°; t ;;; S to holo the slurry, a 
.old consisting of i i -h« in tne sluccy . and 

25 filter system to collect the ^ o£ the slurry 

a vacuum tan* to permit rap con .ltt. 
w *k,> filter sYBtem. The x^wc 

30 — 7rrrresr:;r:c:r ... . - 

ported on a .t.» lo , 

about 39 -res P « » U ot tuenty lite „ 

n« a tvpical run, o *i 
, , l oaiTot -ater containing 10 .1 * . 
(about 5.3 > 
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non-ionic surfactant (R hm & Haas Triton X-100 
dispersant) is added to the head box to cover the 
filter system with water. A vacuum of about SO Torr 
(about 7 psi) is btained in the vacuum tank. 
Separately, 0.6 cm long 7.4 dtex (6.7 dpf) PTFE staple 
fibers and 0.6 cm long 0.33 dtex (0.3 dpf) glass 
staple fibers in the desired proportion, totalling 
about 20 g, are added to 3 liters of water in a 
laboratory high-speed blender (Waring blender) and 
stirred at moderate speed to disperse the fibers. To 
this mix are then added O.S g of the same non-ionic 
surfactant added to the water in the head box, 3 ml of 
a silicone emulsion antifoam agent (Dow "Antifoam B") 
and about 1 g of polyvinyl alcohol (PVA) fibers having 
a length of 1-2 mm. (Duron International VPB-104-2X-4 ) 
to act as a temporary binder material. The mix is 
then stirred for 30 seconds more, transferred to the 
head box of the sheet mold, and further dispersed by 
the addition of 25 liters (about 6.6 gal.) of water. 
The slurry i6 then redispersed gently with a 
perforated paddle and allowed to stand about 10 
seconds, after which a gate valve was opened to 
rapidly suck water through the filter system into the 
vacuum tank. 

After vacuum removal of all standing water, 
the product (a waterleaf of PTFE/glass/PVA fibers) on 
the non-woven fabric filter is transferred to an oven 
and dried at 90°C for 15 minutes. The resultant dried 
waterleaf is readily removed from the non-woven fabric 
filter. It is trimmed to form a 30.5 cm X 30.5 cm (12 
in. X 12 in.) waterleaf. 

4 . Hydraulic Entangling 

a . Webs of Staple Fiber Blends Attached to 
Glass Scrims - The web described in section 1. above 
is carefully transferred from the supporting layer of 
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kraft paper Co a glass scrim f the type described in 
section 2. above. The scrim with the w b upon it is 
then placed on a wire screen having a mesh of about 16 
vires per cm (about 40 vires per inch). The scrim 
with the web upon it is vetted out vith a gentle water 
spray and hydraulically entangled by passing it under 
a spray device 61 cm (24 in.) long and containing two 
parallel rows of 0.013 cm (5 mil) holes. 15,7 holes/cm 
(40 holes/in. ) located 2.54 cm (1 in.) above the 
product to be entangled. The product is initially 
hydraulically entangled by passing it under jets of 
water forced from the hole* at a water pressure of 
13,800 KPa (1500 psi), then removed from the screen 
having a mesh of about 16 wires/cm. placed on a screen 
having a mesh of about 39.4 X 37.6 wires per cm (about 
100 X 96 wires per in.), and hydraulically entangled 
again under the jets vith the water at a pressure of 
13.800 kPa (1500 psi), the number of passes at 13.800 
kPa being indicated in the examples. The sample is 
then air dried and characterized. 

b. Waterleaves Attached to Glass Scrims - A 
waterleaf prepared as described in section 3 above is 
placed on the glass scrim described in section 2 
above. The scrim vith the waterleaf upon it is 
hydraulically entangled following the same procedure 
described in the paragraph above for attaching a web 
to a glass scrim. The number of passes at 13800 kPa 
is indicated in the examples. 

5. Heat Setting 

Products prepared as described in section 3 
above are next heat set in an air oven at 300°C for 15 
minutes while being held under fixed length and are 
then trimmed. 



10 
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6, Mechanical Needling 

Control samples made by mechanical needling 
ace also d scribed herein. In making such control 
samples, the v b described in secti n 1 above is 
5 carefully transferred from the supporting layer of 

kraft paper to a glass scrim of the type described in 
section 2 above. The scrim with the web upon it is 
then needled on a mechanical needling loom (Dilo 
needle loom) with the number of penetrations per unit 
10 area specified in the description of the preparation 
of the control sample. 

In the following examples the percentages 
given are percentages by weight. 
15 EXAMPLE 1 

A random staple fiber web having a basis 

2 2 
weight of 168 g/m (4.97 oz/yd. ) was prepared as 

described above under "Web Preparation" from a blend 

of 85. SX PTFE/14.5* glass staple fibers. The staple 

20 fibers had a length of 7.6 cm (3 in.). The web was 

hydraulically entangled to a glass scrim coated with a 

f luorocarbon resin, the resin weight being 6.4\ of the 

total scrim weight and the total basis weight of the 

2 2 
scrim being 109 g/m (3.2 oz/yd. )• The hydraulic 

25 entangling was accomplished in two passes at 13.800 

kPa (2000 psi). The product was a felt having a basis 

2 2 
weight of 283 g/m (8.35 oz/yd. ), after heat 

setting, a density of 0.416 g/cm 3 . and an air 

3 2 

permeability of 8.71 m /m /min. at a pressure 
30 differential of 1.27 cm (0.5 in.) of water. When 

tested for filtration efficiency at air velocities of 
1.18 and 1.82 m/min.. the leakage of fly ash dust was 
2.1 and 0.5 mg/m 3 . respectively. Additional data 
are provided in Table 1. 
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EXAMPLE 2 

bydraullc entangling was i» "»< 

„t l 27 e» (0.5 In.) el water. *"«"> 
""/.IT. i " ; on efficiency at ait v^ocUie. of 

" ^.o and 0., -,/» 3 . respectively. Additional 

are provided in Table 1. 

CONTROL A 

1S had a M.I. of l« 5/- 2 (»•" •«'"• 5 "* 

15 the scrim by mechanical 

the web was attached to the scrim j 

. Bna , tv o£ iB6 penetrations/cm (1200 

density IB P ^ tfag a 

20 penetrations/in. ). Tne P 

Lit having a basis weight ot 265 ,/. (7.11 
oz/yn. 2 ) after heat setting, a de»«ty of 0.265 
,/cm 3 . ana an ait permeability ot 24.7 
B W/mi». at a pressure differential . 
„ %» in.) of water. when tested lor filtration 
ffic en y at air velocities of 1.1. and !.*2 

respectively. Additional data are provided xn Table 
It will »« noted that the felt, of Examples 
3 0 and 2 had much better abrasion resistance than the 

telt designated as -Control A": also, the 
p Ul l-o U t values were »»ch lover for th. 1. It. of 

, , »„a 2 than for "Control A", while the * 

r. n y-odLt v.iues <„ **» .« 

, s "alples 1 and 2 were much higher than for -Control A 
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EXAMPLE 3 

Following the method described above foe 

preparing a waterleaf of PTFE/glas6 fibers, a 

waterl af having a basis weight of 119 g/m 2 (3.50 
2 

5 oz./yd ) was made from a mixture of 7.4 dtex. 0.6 cm 

PTFE (63\). 0.33 dtex. 0.6 cm glass (32\), and PVA 
(5\) staple fibers. The waterleaf was hydraul ically 
entangled to a glass scrim coated with a fluorocarbon 
resin, the resin weight being 6.4\ of the total scrim 

10 weight and the total basis weight of the scrim being 

2 2 
109 g/m (3.2 oz./yd ). The hydraulic entangling 

was accomplished in one pass at 13,800 kPa (2000 

psi). The product was a felt having a basis weight of 

239 g/m 2 (7.05 oz./yd 2 ). a density of 0.234 
3 

15 g/cm . and an air permeability of 14*0 

3 2 

m /m /rain, at a pressure differential of 1.27 cm 
(0.5 in.) of water. When tested for filtration 
efficiency at air velocities of 1.18 and 1.82 m/min., 
the leakage of fly ash was 3.8 and 6 mg/m 3 . 
20 respectively. Additional data are provided in Table 2. 

EXAMPLE 4 

Example 3 was repeated, except that the 
mixture of the staple fibers used to make the 
waterleaf contained 91. 2\ of the PTFE staple fibers. 
25 4.9\ of the glass staple fibers, and 3.9\ of the PVA 

staple fibers, the basis weight of the waterleaf was 
156 g/m 2 (4.6 oz./yd 2 ). and the hydraulic 
entangling was accomplished in two passes at 13,800 

kPa (2000 psi)* The product was a felt having a basis 

2 2 
30 weight of 261 g/m (7.70 oz./yd ). a density of 

3 

0.384 g/cm , and an air permeability of 17.4 
3 2. 

ro /ra /mm. at a pressure differential of 1.27 cm 

(0.5 in.) of water. When tested for filtration 

efficiency at air velocities of 1.18 and 1.82 m/rain.. 

3 

35 the leakage of fly ash was 3.9 and 7.6 mg/ro . 

respectively. Additional data are provided in Table 2. 
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CONTROL B 

Example 4 was c peated, except that the 

waterl af of PTFE/glass/PVA (91.2/4.9/3.9) staple 

fibers had a basis weight of 126 g/m 2 (3.9 

5 oz./yd 2 ) and the waterleaf was attached to the scrim 

by mechanical needling instead of hydraulic 

entangling. The mechanical needling was carried out 

2 

with a penetration density of IBS penetrat ions/cm 

2 

(1200 penetrations/in. ). The product, "Control B." 

2 

10 was a felt having a basis weight of 225 g/m (6.63 

2 3 

oz./yd ), a density of 0.237 g/cm , and an air 

permeability of 49.4 .a /m /min. at a pressure 

differential of 1.27 cm (0.5 in.) of water. When 

tested for filtration efficiency at air velocities of 

15 1.18 and 1.82 m/min.. the leakage of fly ash was about 

3 

18 and about 22 mg/m . respectively. Additional 
data are provided in Table 2. 

EXAMPLE 5 

Example 3 was repeated, except that the 
20 mixture of the staple fibers used to make the 

waterleaf contained A9X of the PTFE staple fibers, 49* 
of the glass staple fibers, and 2% of the PVA staple 
fibers, and the basis weight of the waterleaf was 115 

2 2 
g/m (3.4 oz./yd ). The hydraulic entangling was 

25 accomplished by 2 passes at 6900 kPA (1000 psi) and 
one pass at 10,350 kPA (1500 psi) on the waterleaf 
side, one pass at 10,350 kPa (1500 psi) on the other 
side, and a final pass at 13,600 kPa (2000 psi) on the 
waterleaf side. The product was a felt having a basis 

30 weight of 220 g/m 2 (6.49 oz./yd 2 ), a density of 

0.244 g/cm 3 , and an air permeability of 14.8 

m 3 /m 2 /min. at a pressure differential of 1.27 cm 

(0.5 in.) of water. When tested for filtration 

efficiency at air velocities of 1.18 and 1.82 m/min., 

3 

35 the leakage of fly ash was 3.7 and 0.5 mg/m , 

respectively. Additional data are provided in Table 3. 

14 
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EXAMPLE 6 

Example S was repeated, except that a 
waterleaf of PTFE/glass/PVA (49/49/2) staple fibers 

2 2 

having a basis weight of 83.1 g/m (2.45 02. /yd ) 

5 was hydraul ically entangled to each side of a glass 

scrim having a basis weight of 102.8 g/m 3 (3.03 
2 

oz/yd ). The hydraulic entangling was accomplished 
by two passes at 6*900 KPa (1000 psi) and one pass at 
10,350 kPa (1500 psi) on the first side, one pass at 
10 10,350 kPa and one at 13.800 kPa (2000 psi) on the 

other side, and a final pass at 13.800 kPa on the 

first side. The product was a felt having a basis 

2 2 
weight of 262 g/m (7.74 oz./yd ). a density of 
3 

0.262 g/cm . and an air permeability of 13.11 
3 2 

15 m /m /min. at a pressure differential of 1.27 cm 

(0.5 in.) of water. When tested for filtration 
efficiency at air velocities of 1.18 and 1.82 m/min. . 
the leakage of fly ash was 15.7 and 0.2 mg/m 3 .. 
respectively. Additional data are provided in Table 3. 

20 CONTROL C 

Example 5 was repeated, except that the 

waterleaf of PTFE/glass/PVA (49/49/2) staple fibers 

2 2 
had a basis weight of 115 g/m (3.4 02. /yd ) and 

the waterleaf was attached to the scrim by mechanical 

25 needling instead of hydraulic entangling. The 

mechanical needling was carried out with a penetration 

2 

density of 264 penetrations/cm (1703 
2 

penetrations/in ). The product. "Control C. w was a 

2 

felt having a basis weight of 229 g/m (6.49 

2 3 
30 oz./yd ). a density of 0.135 g/cm , and an air 

3 2 

permeability of 39.9 m /m /min. at a pressure 
differential of 1.27 cm (0.5 in.) of water. When 
tested for filtration efficiency at air velocities of 



35 and 7.3 mg/m 3 , respectively. Additional data are 



1.18 and 1.82 m/min.. the leakage of fly ash was 5.7 
and 7.3 mg/m 3 , resp< 
provided in Table 3. 

15 
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EXAMPLE 7 

A woven scrim of 444-dtex (400 denier) 

continuous filament yarn having a basis weight of 

2 2 
IIS. 3 g/m (3.4 02. /yd ) was prepared. The 

5 individual filaments in the yarn had a linear density 

of 7.4 dtex (6.7 dpf). A quantity of waterleaf 

similar to the waterleaf of Example 3 was made from a 

mixture of about 45\ 7.4 dtex, 0.6 cm PTFE fibers, 

about 20X 7.4 dtex, 1.9 cm PTFE fibers* and about 35% 

LO 0.33 dtex, 0.6 cm glass fibers, to which mixture was 

added a small amount of PVA staple fibers. The 

waterleaf had a basis weight of 135.6 g/m (4.0 
2 

oz./yd ). A sample of the scrim was placed upon a 
waterleaf of the same area, after which another 

15 waterleaf of the same area was placed on top of the 
scrim. The assembly so formed was placed on a wire 
screen having a mesh of about 16 wires per cm (about 
40 wires per inch), wetted thoroughly, passed over 
vacuum ports to pull the water out of the assembly, 

20 and then passed under hydraulic entangling jets, first 
at a water pressure of 6900 kPa (1000 psi). then at 
10,350 kPa (1500 psi). The assembly was then turned 
over and passed twice under the hydraulic entangling 
jets at 13,600 kPa (2000 psi), after which it was 

25 turned over again and given a final pass under the 

jets. at 13*800 kPa (2000 psi). The hydraulic 
entangling apparatus employed, including the jets, was 
the same apparatus used in Examples 3-6. The product 
so formed, a felt having a scrim of PTFE fibers with a 

30 sheet structure of PTFE/glass (65/35) hydraulically 
entangled upon each side of the scrim, was air dried 
and then heat set at 288°C. (550°F.) for about 2 
minutes. 

The heat-set felt having a basis weight of 
35 approximately 450 g/m and prepared as described 
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above was made up into filtration bags and evaluated 
in a small pulse-J t unit. In the course of the 
evaluation, the bags were exposed to typical use 
conditions, mploying 60-C. <140» F . ) air at a 
pressure of 621 KPa (90 psi) and at a pulse frequency 
of one pulse per 15 seconds. The bag6 were exposed to 
this rapid pulsing for 54 days, equivalent to normal 
use of the bags tor 9 years. At the end of the 
evaluation the bags were removed and inspected for 
failure. No failures were found at exposures less 
than the equivalent of 9 years of normal wear. 
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TABLE 1 



Webs of St a ple Tiber B lends Attached to Glass Scrim 



Example 
Mo- 



10 



in 
Web 



Web, 
cm 



1 85.5/14.5 7,6 

2 85.5/14.5 7.6 
Con A 85.5/14.5 7.6 



% Taber 

Class Abrasion 

lie or Stren- Fiber X (Cycles 

Kecha- sth. Pull- Density per £/m* of 

nical yp a Out Product basis weight) 



PXFE/ Fiber Process Hullen 
Glass Length Hydrau- Burst * 
Ratio in 



H 
H 
M 



1014 
1200 
979 



1.7 
1.5 
31.5 



18.6 
18.8 
13.0 



28.6 
10.5 
2.12 



TABLE 2 



IB 



Uaterleaf Attached to Glass Scrim 



PTFE/ Fiber Process Mullen 
Glass Length Hydrau- Burst % 
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Example 
Ho. 



Ratio 
in 
Web 



X 

Glass 



3 63/32 

4 91.2/4.9 
Con B 91.2/4.9 



25 



in 
Web*. 
cm 

0.6 
0.6 
0.6 



Taber 
Abrasion 
(Cycles 



lie or Stren- Fiber X 

Wecha- gth, Pull- Density per g/m z of 
nical ypa Out Product basis weight) 



H 
H 
M 



765 
650 
665 

TABLE 3 



10.0 14.3 
3.3 16.1 

58.1 11-4 



2.97 
2.21 
0.36 



Waterleaf Attached to Glass Scrim 



30 PTFE/ 
Glass 
Ratio 
Example in 
Ko. Web 

5 49/49 
35 6 49/49 

Con C 49/49 



Fiber Process Mullen 
Length Hydrau- Burst 



in 
Web, 
cm . 

0.6 
0.6 
0.6 



lie or Stren- Fiber 
Mecha- gth. Pull- 
nical VPa Out 



Glass 
X 



Taber 
Abrasion 
(Cycles 



H 
H 
H 



920 
780 
290 



44.8 
50.3 
70.2 



Density per g/m 2 of 
Product basis weight) 



17.6 
17.8 
9.3 



1.47 
1.80 
0.2B 
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CLAIMS: 

I. A felt having a basis weight of 150-600 
g/m 2 suitable foe use as a filter comprising: 

a uniformly dispersed sheet-like structure containing 
5 40-9S percent by weight poly( tetraf uoroethylene) 

fibers having a linear density per filament of 3-8 
dtex, 5-60 percent by weight glass fibers having a 
linear density per filament of 0.2-1.5 dtex, 
hydraulically entangled into supporting scrim. 
10 2. The felt of Claim 1 wherein the scrim 

comprises high temperature resistant and chemically 
resistant materials having a low shrinkage of less 
than about 5 percent up to 200°C. 

3. The felt of Claim 2 wherein the scrim 
15 comprises material substantially stable to acids and 

alkali. 12or 

4. The felt of Claim/3 wherein the scrim 

comprises a polyimide material. 

l , 2 or 

5. The felt of Claim/3 wherein the scrim 
20 comprises poly (tetraf luoroeth^l^nO . 

6. The felt of Claim/3 wherein the scrim 
comprises glass fibers. ^ 2 cr 

7. The felt of Claim/3 wherein the scrim 
comprises 6tainless steel. 

1 , 2 or 

25 8. The felt of Claim/* wherein the scrim 

comprises polypheny lene sulfide. 

9. The felt of Claim 6 wherein the Percent 

Glass times Density of the felt is greater than 14. 

any one o£ to 9 
10. The felt of/ClaiitB 1/wherein the 

30 sheet-like structure is a web and the fiber length in 

the sheet-like structure is 2-10 cm. 

any one pf to 10 

II. The felt of/ciainei /wherein the percent 

by weight glass in the sheet-like structure is less 
than 40 percent. 

35 
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12. The felt o£ any one of/whec in the percent 

fiber pull ut is 1 ss than 10 percent. _ 

Claims 1 to 12 

13. The felt of any one of/wherein the Taber 

Abrasi n test is abov 10 cycles per g/m of basis 
5 weight, of claims i to 9 

14. The felt of any one /. wherein the 
sheet-like structure is a waterleaf and the fiber 
length in the sheet-like structure is less than 2 cm. 

15. The felt of Claim 14 wherein the percent 
10 by weight glass in the sheet-like structure is less 

than 35 percent. 14 or 

16. The felt of Claim/15 wherein the percent 

fiber pull out is less than 20 percent. 

14, 15 or 

17. The felt of Claim/16 wherein the Taber 
15 Abrasion test is greater than 2 cycles per g/m 2 of 

basis weight. 

18. The felt of Claim 14 wherein the percent 
by weight glass in the sheet-like structure is 35-60 
percent. 14 Qr 

20 19. The felt of Claim/18 wherein the percent 

fiber pull out is less than 60 percent. 

. 14, 18, or 1.9 
20. The felt of Claim/19 wherein the Taber 

2 

Abrasion test is greater than 1 cycle per g/m of 
bais weight. r 
25 21. A process for preparing the felt of 

Claim 1 comprising: 

a. blending 5-60 percent by weight 
glass fibers with 40-95 percent by weight 
poly(tetraf luoroethylene) ; 
30 b. forming a sheet-like structure; and 

c. hydraulically entangling the 
sheet-like structure with supporting scrim. 

22. The process of Claim 21 wherein the 
sheet-like structure is a web. 
35 23. The process of Claim 21 wherein the 

sheet-like structure is a waterleaf. 
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24. The process of Claim 2L/vherein the 
scrim comprises high temperature r sistant and 
chemically resistant materials having a low shrinkage 

f less than 5 percent up to 200*C. 

25. The process of Claim 24 wherein the 
scrim comprises material substantially stable to acids 

and alkali. Claims 21 to 25 

26. The process of any one of/ wherein the 
scrim comprises poly(tetraf luoroet^le^ne^ ^ 25 

27. The process of any one of/ wherein the 
scrim comprises glass fibers* 

Claims 21 to 25 

28. The process of any one of/ wherein the 

scrim comprises polyphenylene sulfide. 

Claims 21 to 25 

29. The process of any one of/ wherein the 

6crim comprises stainless steel., . . „ 

Claims 21 to 25 

30. The process of any one of/ wherein the 
scrim comprises a polyimide material. 

31. The process of any oni^of/^ur^her 
comprising heat setting on a tenter frame for at least 
two minutes at 230-325°C. 
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